. INTRODUCTION Cooperative diversity is a recently emerged technique for wireless communications that has gained wide attention [1] . As a new communication paradigm for wireless networks, cooperative MIMO that consists of multiple relay nodes equipped with single antenna could exploit spatial cooperative diversity gain. Through work with other nodes cooperatively, cooperative MIMO could form virtual MIMO network, and obtain spatial diversity gain, multiplexing gain, and coded gain, just as single node with multiple antenna could achieve.
. INTRODUCTION Cooperative diversity is a recently emerged technique for wireless communications that has gained wide attention [1] . As a new communication paradigm for wireless networks, cooperative MIMO that consists of multiple relay nodes equipped with single antenna could exploit spatial cooperative diversity gain. Through work with other nodes cooperatively, cooperative MIMO could form virtual MIMO network, and obtain spatial diversity gain, multiplexing gain, and coded gain, just as single node with multiple antenna could achieve.
In cooperative MIMO, outage performance and Pair-wise Error Performance (PEP) are the basic index for system robustness. Because diversity gain and multiplexing gain could provide by MIMO simultaneously, it is important to use Diversity Multiplexing Tradeoff (DMT) performance to measure spatial resource utilization. Laneman adopted diversity order (diversity gain) and normalized spectral efficiency (multiplexing gain) to indicate DMT performance under different cooperative protocols [2] . Zhang and Tse proposed that MIMO system could obtain diversity gain and multiplexing gain through proper coding, and they analyzed the outage performance of Alamouti, V-BLAST, D-BLAST and corresponding DMT property [3] . Prasad proposed the upper bound of DMT with various cooperative diversity protocols in multi-node, multi-antenna situation [4] .
However, it seems that the above literatures did not discuss the PEP performance of cooperative network, or illustrated it curtly. We propose our research on distributed space-time block code (DSTBC) in cooperative MIMO network, system model is built in section II and DSTBC structure is proposed in section III . DMT and outage probability of DSTBC and PEP of virtual MIMO with DSTBC are derived in detail with equation denotation presented in the same section. Numerical Results of DMT and outage performance as well as Monte Carlo simulation of PEP performance in cooperative MIMO network are given in section IV. Conclusions and future prospects are drawn in section V.
II. SYSTEM MODEL OF COOPERATIVE MIMO
NETWORKS Sketch diagram of cooperative MIMO network can be described in Fig. 1 . From this figure, we could speculate that many non-centered networks such as Wireless Sensor Network (WSN), Mobile Ad Hoc Network (MANETs), and Multi-hop network, etc, could be modeled in cooperative MIMO with some specific cooperative protocols between nodes [5] . N receive antennas, the system transfer equation can be described as:
Where, We make the following assumptions: the receiver could measure the realized fading coefficients in their received signals accurately, but the transmitter doesn't obtain any knowledge about the realized fading coefficients [6] . We focus on flat fading situation, and measure the system performance by DMT performance and outage probability which is the function of spatial cooperative diversity gain, as well as average error probability which is denoted by symbol error rate (SER) or bit error rate (BER). A1) the channels are FIR of (maximum) order h L and time-invariant over at least a pair of consecutive blocks; A2) channel coefficients are circularly symmetric complex Gaussian random variables with zero-mean, variance 2 ij , which also conform to the central chi-square distribution with 2 degrees of freedom; A3) transmission scheme for all terminals is a block strategy, where each information block ( ) s k is composed of M symbols and it is linearly encoded; A4) the information symbols are i.i.d with BPSK/QPSK/8PSK/16QAM modulation, and spectral efficiency for each modulation symbol are 1bit/s/Hz, 2bit/s/Hz, 3bit/s/Hz and 4bit/s/Hz respectively; A5) the received data are degraded by AWGN denoted by ( ) w k ; A6) all cooperative nodes are synchronous.
Assume that each terminal is equipped with one antenna, and the received node also has single antenna. We use double 
III. DISTRIBUTED STBC
A. Design of DSTBC Structure
In this paper, we consider a DSTBC protocol which is a distributed version of block Alamouti scheme [6] . However, it is vital importance to distinguish the main differences between DSTBC and STBC, which can be expressed as follows [6] : ) the multiple transmit antennas in the DSTBC scheme belongs to different cooperative nodes; ii) there are errors in the link between transmit antennas (S and R) in the DSTBC, whereas there are no errors at the transmitter in STBC. iii) signals from S and R arriving to D might be asynchronous, because of the different delays from S and R. To minimize this error caused by asynchronous transmission, carrier phase estimation and symbol timing estimation must be adopted at the receiver.
The transmission protocol of a distributed block Alamouti scheme is sketched in Fig. 2 . 
It is the well known that Alamouti STBC scheme can achieve full diversity gain [8] . In the time slot 2, the received signal at R and D could be written as
where ( ) ij h n is channel response from node i to node j at time n as defined in (1) 
B. MRC Criterion and ML Detector
We consider the scenario that destination node could obtain Channel State Information (CSI), and estimate channel response accurately, ML detection algorithm is adopted at the receiver, which means the receiver must find a pair of symbols ˆ( ( ), ( 1) ( 2), ( 2) ( ) ( 2) ( 1)) ( ( 2), ( 2) (5) to (7), we can get ( 1), ( 1))
where C is all possible transmitting symbol set.
ˆ( ( ), ( 1)) s k s k are detected through MRC of received signal at the receiver, which can be expressed as
Because CSI is known at the receiver and ( ) ij h k could be omitted the discrete time due to the flat fading of the channel, the statistical results ( ), , 1 s n n k k are the function of ( ), , 1
sd rd h h sn n k k is the determined portion in the above equation in that channel response ij h is given, therefore, ML criterion can be simplified as
We can draw the above derivation into matrix form expressed as [8] :
where Tr( ) means the trace of matrix, and
denotes the column vector of matrix , H r respectively. Equation (12) can be written as
Without loss of generality, we discuss MISO situation with T N transmit antennas and one receive antenna for cooperative MIMO network, for many non-centered networks such as WSN, MANETs, and Multi-hop networks, etc, could be modeled as cooperative MISO networks with some specific protocols between cooperative nodes [5] .
Coding matrix of distributed block Alamouti STBC illustrated in (4) satisfies the following property, which denotes that it could provide full diversity gain. 
Proof: See appendix A. Reference [8] indicates that Alamouti STBC is the unique complex orthogonal design of STBC. When the number of cooperative MIMO transmit antennas is 2 T N illustrated as follows, which may achieve full code rate 1 R and the optimization of delay performance.
( 1) ( )
C. DMT and Outage Performance of DSTBC Reference [7] proposed the scenario that ( 1 
, , (
The above equation uses according to Ref. [7] , mutual information of DSTBC can be illustrated as
On the occasion of higher SNR region, with detailed derivation, we can obtain the approximated expression of { | ( ) } stc P I R D S , which could be shown as following
where, | ( ) | 1
Apply (19), (21) into (18), and use the condition and (2), we have (3), and we get the cooperative diversity gain of DSTBC lower bound illustrated as
From Ref. [7] which gives out the upper bound of STBC, we could deduce the cooperative diversity gain of DSTBC with the same derivation processes, the result must be expressed as
From the definition of ( ) d r as indicated in (3), and the outage probability [2] [7] can be approximated by
D. PEP Performance of DSTBC PEP is the other basic index of cooperative MIMO networks [8] . It is defined as
where I is the number of contained code word in the coding table. Suppose the transmitted code word matrix is expressed as
The detected code word matrix at the receiver is shown as 
the error probability bound could be written in the form of (26). 
Numerical computation of (36) is approximately in accordance with Monte Carlo simulation illustrated in section IV.B. Fig.3 shows DMT and outage probability of two cooperative nodes respectively. It is revealed that the lower bound of DSTBC is overlapped with AF (SDF) protocols, and its upper bound could achieve cooperative diversity bound, thus it could provide full diversity gain as (24) indicates, which satisfies the property of complex orthogonal design of STBC. AF and SDF cooperative protocols have the same DMT performance as illustrated in Ref. [2] . However, these protocols could only provide half multiplexing gains. Furthermore, the upper bound of DSTBC could obtain approximately 6dB SNR gain than AF (SDF) protocols at outage probability 3 10 . When there are four cooperative nodes, DMT and outage performance of cooperative protocols alters significantly. From Fig. 4 that depicts DMT curve, we could conclude that DSTBC upper bound may approach to the cooperative diversity bound, and it could save about 0.68 normalized multiplexing gain, compared with 0.5 for DSTBC lower bound and 0.2 of AF (SDF) protocols. Hence, from Fig. 4 , it is apparent that the difference between upper bound and lower bound of STBC is about 0.5dB at outage probability 3 10 . Both could approach to the cooperative diversity limit. In addition, DSTBC lower bound could earn about 8dB SNR gain over AF (SDF) protocols at outage probability 2 / / R bit s Hz (usually QPSK modulation), cooperative diversity gain ( ) d r must be enhanced with the increase of cooperative node number, and the required SNR declines remarkably in the same outage probability. For instance, in the situation of outage probability 3 10 , six cooperative nodes could obtain about 1dB SNR over five cooperative nodes, compared with 3dB over four nodes, 6dB over three nodes, and approximately 10dB over two nodes. The reason for this phenomenon can be explained as follows, the spatial cooperative diversity gain could be utilized sufficiently with the increase of cooperative nodes, and the required SNR is dropped dramatically in cooperative MIMO networks.
IV. NUMERICAL RESULTS AND SIMULATIONS

A. Numerical Results of DMT and Outage Performance
B. Simulation of PEP Performance
We evaluate the PEP performance of DSTBC cooperative MIMO network in terms of average SER/BER at the destination. Monte Carlo simulation parameters are set as follows [11] From Fig. 6 , we could draw the conclusion that STBC+BPSK has the optimal SER performance, and numerical computation of (35) in this situation are approximately in accordance with the optimum SER curve. Meanwhile, SER performance may degrade with the increase of modulation order and spectral efficiency. However, the difference between STBC+8PSK and STBC+16QAM is relatively small compared with that between STBC+BPSK and STBC+QPSK. same performance in low SNR region, however, at high SNR region, the increased number of cooperative nodes could achieve better performance than few number of cooperative nodes. We fix the bandwidth (BW) efficiency throughout this simulation, for the direct transmission case, BPSK is used as a benchmark to achieve BW efficiency of 1bit/channel use, QPSK with 1relays (2 nodes), 8PSK with 2 relays (3 nodes), 16QAM with 3 relays (4 nodes). In all of these aforementioned cases, the achieved BW efficiency is 1bit/channel use [11] . We find that, 3 relays with 16QAM and 2 relays with 8PSK have almost identical BER performance, which saves about 1.2dB SNR than 1 relay with QPSK, and 5.2dB SNR than direct transmission with BPSK in the case of 3 10 BER.
V. CONCLUSIONS As we have developed in this paper, Distributed Space-Time Coding (DSTBC) scheme with different cooperative nodes to build a virtual transmit array can be effective to induce transmit diversity gain, thus spatial cooperative diversity gain, multiplexing gain and coded gain could be exploited simultaneously in cooperative MIMO networks [12] . DMT outage and PEP performance are presented with detailed derivations and closed form solutions. Numerical computation and simulations are given out in support of our theoretical results. It is revealed that, DSTBC with two cooperative nodes could provide full spatial diversity [8] , and it outperforms other cooperative protocols with the increase of cooperative nodes. In addition, with the same number of cooperative nodes, DSTBC with low order modulation can obtain optimum SER performance. Under the fixed BW efficiency, the increased number of relays with higher order modulation could achieve better BER performance in cooperative MIMO networks.
Furthermore, many open problems in multi-relay cooperative MIMO network should be further studied. For example, Distributed Layered Space-Time Coding (DLSTC) such as D-BLAST and V-BLAST in MIMO should be used for reference as distributed coding scheme in cooperative MIMO; Distributed Differential Space-Time Block Coding (DDSTBC) that doesn't require CSI at the receiver should also be studied in cooperative MIMO network [13] . Moreover, in previous work, we only take flat fading channel model into consideration. However, in practical radio channels, frequency selective channel model should be considered. Thus General Multi-carrier (GMC) modulation such as Orthogonal Frequency Division Multiplexing (OFDM) and Filtered Multi-tone (FMT) could be applied in cooperative MIMO system. With the combination of DSTBC and OFDM, the block transmission over dispersive channels is equivalent to the transmission over parallel non-dispersive sub-channels (sub-carriers) [6] . Therefore, MIMO-OFDM in cooperative network is the hot pursuit research field in cooperative communications [14] . Besides, optimum power allocation problem [11] and joint optimization of PHY layer and MAC layer algorithms for QoS requirements in cooperative MIMO networks should also be proposed and conjectured to be the further steps in the research of multi-relay cooperative communications. 
APPENDIX
where A n is the matrix with integer elements. For orthogonal design, and use unit matrix U , namely, 
